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SIMMARY

The flowarounda E!-percent-thickcircular-arcairfoilat zero
incidencewas observedwithan interferometerforsmallincrementsof
free-streamMachnumberfrom0.609to 0.896withlaminardd turbulent
boundarylayers.Machnumbercontoursin theflowfieldandMachnumber

-1 --

andpressuredistributionson theairfoilwere
determinedalongandat thebasesof theshock

!% theturbulentboundarylayeron theairfoil.

INTRODUCTION

Resultsof expertientalinvestigationsof

obtained.Conditionswere
wavesthatinteractedwith

theflowoverairfoilsat
highsubsonicMach-numbershavebeen-reportedin a nmnberof papers. In
someof these,pressure-distributionmeasurementson thesurfaceof the
modelandschlierenphotographsof theflowwereobtained(refs.1 and2).
In others(refs.3 to 5), Machnumberdistributionsin the flowfield
aboutthemodelwerealsoobtainedin additionto thedistributionson
thesurface.Reference6, however,indicatesthattherearesomedis-
crepanciesamongthedataon thepressuredistributionson thesurface
of circular-arcairfoils.

Withregardto theflowfields,whichhaveapplicationto studies
of interferencephenomenaandareusefulin evaluatingtheoretical
studiesof theflowat highsubsonicMachnwnbers,availableexperimental
dataareIlmited.Mostof thepublishedresultson the flowfieldwere
obtainedby meansof static-pressureorificesin thetest-sectionwalls,
a techniaueby whichit is difficultto obtaineithera largenumberof
testpoti-tso; reliabledata
niqueofferstheopportunity

. fieldthancouldbe obtained

An investigationof the
* circular-arcprofileat zero

nearshockwaves. The interferometertech-
of obtaininggreaterdetailin theflow
by wallpressuremeasurements.

flowpasta 12-percent-thickbiconvex
angleof attackhasbeenconductedinwhich
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the interferometertechniquewasused. The
was to obtainpressuredistributionson the
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purposeof the investigation n
modelandMachnumberdis-

tributionsinthefieldaroundthemodelwithI_amiu.&randturbulent
boundarylayersandto studytheconditionsalong8-fidat theba&esof F“
theshockwavesthatoccurredat-thehigherMachnugbersandthatinter-
actedwithturbulent-boundarylayers.Therangeof--free-streamMach
numberwas from0.609 to 0.896. Therangec@Reynoldsnumberperinch

of modelchordwasfr6m0.39x 106to 0.60X 106.

c

M

P

Ap

P

q

x

Y

%=1 .05

a

5

G

P

SYMBOLS
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chord

Machnumber

staticp!resi%i.me-
.- ....

●

pressuredifferenceacrossshockwave, P2 - P1

.
P- Pclpressurecoefficient,~

o

dynamicpressure

chordwisecoordinatefromleadingedgeotiirculararc in
directionof free-streamflow

coordinatenormalto chordof circulararc

value
and

angle

angle

angle

of y“ at intersectionof contourforMachnumber1.05
shockwave -.

of.attack

of deviationof flowacrosishockwa’ve

of shockwave

density

Subscripts:

o freestream .—
L aheadof shockwave.
2 behindshockwave
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APPARATUSANDMETHOD

Thewindtunnelinwhichthetestsweremadewasa blow-downtunnel
whichwas operatedby useof dry compressedair froma storagetank.
Theaikpassedthroughan automaticpressureregulator,througha set-
tlingchamber,througha subsonicnozzleandtestsection,andthen
exhaustedto atmosphere.The topandbottomof thetestsectionwere
opento theatmosphereandthesideswereclosedandcontainedglass
Windows. Thetest-sectionheightwas 4 inchesandthewidthwas
5 inches.A cutawayviewof thenozzle,testsection,andmodelis
shownin figure1.

.
Thebasicmodelwasa 12-percent-thickbiconvexcircular-arcair-

foilwitha chordof 1 inchanda spanof 5 inches.Themodelwasheld
inthetunnelby twostrutsthatwereattachedto the lowersurfaceof
themodel. In orderto providea largerfieldforthe flowaroundthe
uppersurface,on whichobservationsweremade,themodelwasplaced.
offthecenterlineof thetunnel,withthechordof themodel3 inches
fromtheupperjetboundaryand1 inchfromthelower. In orderto

. reducethe titensityof thedisturbancesthatwerepropagatedforward
fromthewakeof themodelat thehigherMachnumbers,a flatplateof
1 chordwas attachedto therearpartof themodelformostof thetests
at thehigherMachnumbers. (Seefig.2.) For someof thetestsa tur-
bulentboundarylayerwas producedon themodeJ. Twomethodsof pro-
ducingturbulencewereused. For onemethoda wireof 0.028-inchdlsmeter
was stretchedacrossthetestsectionabout1 chordaheadof theleading
edgeof themodel. In theothermethoda differentmodelwas used,a
piano-convexmodel(apro$ileformedby a circulararcand itschord),
whichwasmountedon a flatplate,as shownin figure2. The leading
edgeof themodelwas 1 chordbehindthesharpleadingedgeof theplate.
TheReynoldsnumberof thepresentteatsper inchof model.variedfrom

0.39 X 106at a free-streamMachnmber of 0.609to 0.6X 106at a Mach
nunberof 0.8@. The experimentswerenotcarriedto higherMachnumbers
than0.9becausestructurallimitationson theapparatusdidnotpermit
theuseof higherstagnationpressures.

Observationsweremadeby meansof an interferometerthathaspre-
viouslybeendescribed(ref.7) andthatwas usedfortakingthe inter-
ferogramsandalsofortakinga fewshadowgraph.s.(Theshadowgraphs
weremadeby blackingoffoneof the lightpathsthroughthe inter-
ferometer.) The interferogrsmswereanalyzedto obtaincontoursof con-
stantdensityby superposingflowandno-flowinterferograms.During
theanalysis.of the interferogrsms,twocorrectionsweremade. One

. correctionwas fortheeffectoftheboundarylayerson thewalls. These
boundarylayerscausedtheeffectivepathl&@h of the lightthroughthe
testsectionto be lessthantheactualgeometricspanof thetestsec-

7 tion. In orderto determinetheeffectivepathlength,staticpressures
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werereadat a chordwiseseriesof threestaticorificesinthemodel. O
Fromthepressures,thedensitieswerecalculate-dat the 10cation8of
theorifices.Thenfro?iitheactualobservedfringeshiftsat-these
locations,theeffectivegeometricpathlen@h was calculatedandwas

F

foundto increasewithincreasingfree-streamMachnumberfrom4.5 inches
at-a Machnumberof 0.6to 4.7 inchesat a Machnumberof 0.9. Theother
correctionwasmadeto accountforsligh%changesin reference,or
no-flow,fringespacingcausedby vibrationduringa test. The cor-
rectreferencefringespacingwas calculatedforeachinterf’erogram
frompressuremeasurementsthatweremadeat a staticorificein the
modelandat one intheglasswiudowabout1A chordsfromthemodel,

4
The locationof theorificein thewindow,togetherwiththepressure
tubeleadingl%omit,is indicatedin figure1. Thesepressuremeasure-
mentsgavetheratioof thedensitiesat thelocationsof thetwoori-
fices. Fromtheratioof thedensities,thecorrectfringeshiftbetween
thelocationsof theorificeswas calculated.An enlargement-of the
no-flowinterferogrsmwasmade“ofthepropersize(thatis,properfringe
spacing)to givethecorrectfrtigeshiftwhensuperposedon an enlarge-
ment-oftheflowinterferogram.

*
Thecorrectiotito theno-flowspacing,

whichwas thusincludedintheanalysis,waswithinthelh+ts of
i10percent. ,. .

Becausetheairfoilwasplacedasymmetricallyin thetestsection
(3 chordsfromoneboundaryand 1 chordfromtheother),calculations
weremadeto determinethemagnitude.of theeffectof the jet-boundaries.
Theairfoilwasrepresentedby a source-sinkmodeland thefirstimage
of themodelwasusedinthecalculations.The calculationsweremade
fora subcriticalfree-streamMachnumberof 0.7andshowedthatthe
effectof theasymmetricallocationof themodelwasan inducedcamber
of 0.1percent.Thema~itudeof theeffectof theproximityof the
Jetboundaryon thevelocityof theflowon theupper”sfi”faceof theair-
foil,whichwas 3 chordsfromtheboundary,wasalsocalculatedandwas
foundto be lessthan1 perc+nti

All free-streamMachnumbersgivenhereinshouldbe “understoodto
be “indicatedMachnumbers”andwerecalculatedas follows:Stagnation
pressureinthesettlingchamberandatmosphericpressureweremeasured;
fromtheratioof stagnationto atmosphericpressure,theMachnumber
was calculatedundertheassumptionthatfree-streampressurewas the
sameas atmosphericpressure.

Theresults
theflowabouta
pretationof the
in figure3 with

RESULTSANDDISCUSSION

of thisinvestigationarederivedfrominterferogramsof .

circular-arc“airfoil.In orderto assistinthe titer-
interferograms,a fewselectedshadowgraphsarecompared
correspondinglnterferogramsat thesameflowconditions.

r
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MachNumberContoursin theFlowr~eld

Inter~erogramsof theflowaboutthebasic12-percent-thickbiconvex
circular-arcmodelat 0° angleof attackandaboutthemodificationsto
thebasicmodelareshownin figurek fora rangeof free-streamMach
numbersfrom0.609 to 0.896. Theseinterferogrsmshavebeenanalyzedto
obtaincontoursof constantMachnunber,whicharealsoshownin fig-
ure4. A fewcontoursareshownin theregion’behindtheshockwaves.
In determiningthesecontours,thechangein entropythroughtheshock
wavewasneglected.Forthepresentinvestigationthisapproxtition
is verysatisfactory,as theerrorinMachnumberdueto neglectof
entropyincreaseisnowheremorethan1 percenton anyof thecontours
actuallyshownin figure4. On the interferogrsmsthathavea single,
strongshockwaveand,consequently,a large,abruptpressurerise
throughtheshockwave,the fringesbendsharplyinthe flowfieldjust
aheadof theshockwave. Thebendingindicatesa rapidrisein density
aheadof theshockwavebutthisriseis probablya spuriouseffectthat
is restrictedto theneighborhoodof the sidewallsandis dueto the
actionof thepressureincreaseacrossthe shockwaveon theboundsry
layeron the sidewalls. Whenthe interferogramswereanalyzed,the
bendingwas eliminatedby extrapolatingthefringesfromtheunaffected
regionto the shockwave.

The free-streamMachnumberat whichsonicspeedis firstreached
on themodelliesbetween0.72S(fig.4(f))and0.’761(fig.4(g))at
approximately0.74. The steadyincreasein thesizeof thesupersonic
regionas theMachnunberof thefreestresmis increasedis shownby
figures4(g)to 4(r). The contoursalsoshowtheeffectsof a changein
the characterof theboundsrylayeron the shockwavesandon theflowin
the supersoniczone,effectsthataregenerallywellknownafterthework
reportedin references1 and2. In figure4(1)theflowin theboundary
layeron theairfoilhasbeenmadeturbulentby a wirestrungacrossthe
tunnelaheadof the leadingedgeof themodel. Becausetheboundary
layeris turbulent,theeffectof the jumpin pressureacrosstheshock
waveis notfeltfarforyardof a smallregionnearthebaseof the shock
wavewheretheflowseparates.A shnil.arconditionexistsin figure4(m)
wherethetransitionfroma laminar“boundarylayerhasbeencausedby a
flatplatethatextendsaheadof theairfoil.In figures4(2)and4(m)
theflowappearsto separatenearthebaseof theshockwave. In fig-
ure4(n),however,theboun@arylayeris laminarandtheflowappearsto
separatefaraheadof thenormalshockwaveat thebaseof theoblique
shockwave. Behindtheregionof separationof the laminarboundsry
layeris a regionof nearlyconstantpressure,as shownby theverywide
fringe.Recompressionthentakesplacecomparativelygraduallyttiough
multipleshockwaves. Similarcomparisonscanbe madebetweenfig-
ures4(j)and4(k)andfigures4(o)and4(p). Figures4(o)and4(p),
forexample,showthatwitha lsminerboundarylayertheMachnumber
at thesurfacedoesnotreachas highvaluesas it doeswitha turbulent
layer.

.



6 NAcA~ 2801

At thehigherMachnumbersandwhenthebounda~ylayeris turbulent,
theflowexpandsa-nthewayto thesingleshockwave. (Seefigs.h(k),
4(Z),&(m),4(p),4(q),and4(r).) Theexpansion,however,isnotso
largeas itwould.be inPrandtL-Meyerflowthat--turnedan equalamount
arounda corner. In theflowabouttheairfoilarecompressionwaves
fromthesonicregionthatpartiallycanceltheef’~ectof theexpansion
wavesfromthesurface.In figure4(p),forexample,theflowisturned
9° at thesurfacebetweentheMachnumber1.00andtheMachnumber1.30
contours.If a flowat M = 1.00 itittined9° by-apw”ePrandtl-Meyer
turn,thena Machnumberof 1.40is reached.

.

*

The changeintheshapeofitheMachnumbercontouxsin thesuper-
soniczonefromsymmetricto asymmetricis shownby theseriesof plots
in figure4. Up to a free-streamMachnumberof approximately0.74
(figs. h(a) to h(f)),theflowis completelysubsonic,andthecent-ours
arenearlysymmetricalabouta lineat themidchordstationperpendicular
to thechordandthespanof theairfoil.Thesmalldeparturefromsym-
metryisprobablydueto separationon therearpartof theairfoil.At
M. = 0.784(fig.h(h)),thecontoursin the supersonicregionappearto

.

be slightl$asymmetricalandat M. = 0.821 (fig.4(i)),theyaredefi- ●

nitelyasymmetricalas thy areat allhigherMachnumbers.Most
.

theoriesfor calculatingtheflowaboutan airfoilat highsubsonic
free-streamMachnumbersassumea symmetricalsupersonicregion.

—
Because

theassumptioncanbe.consideredapplicableforonlya veryshortrange
of free-dtreamMachnwnbersabovethec-ritical(inthepresent–caseonly
fromabout0.74to 0.78),theoreticalattentionshouldundoubtedlybe
givenprincipallyto theflowwiththeasymmetricalsupersonicregion, —
as was doneinreferences6 and8, forexample.

MachNumberandPressureDistributionson“theSurface

Machnumberandpressuredistributionson thesurfaceof theair-
foilhavebeencalculatedfromsomeof the interferogramsof figure4.
In orderto obtainthesedistributions,fringeshif%smustbe obtained
at thesurface.The fringes,however,bendsharply-intheboundarylayer
on theairfoilbecauseof thedensitygradientthroughtheboundarylayer. ,
Becausetheentropyvariationthroughtheboundaryhyer isnotknown,
theentropyat thesurfaceisnotknown,andthedensityat thesurface
cannotbe convertedto pressureat thesurface.~“e fringescan,however,
be extrapolatedthroughtheboundarylayertothe surfaceto obtainwhat
wouldhavebeenfringeposit-ionsat thesurfaceif,~herehadbeenno
boundarylayer. Whentheboundarylayerwasmadetiirbulent,however,by
a flat-plateextensionahead.ofthe.aiifa”il,th~boundarylayerw= thick

—

andthedistancethat-thefringeswouldhaveto be extrapolatedwas .
believedto be t-m“great&give surfacepressuresaccurately.Moreover,
whentheboundarylayerw- madeturbulentby meansof a wireplaced

b
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ahead-of themodel,theflowin theneighborhoodof themodelappeared .
to be considerablydisturbedby thewakeof thewire,as shownby the
changesinthecurvatureof the fringesnearthemodel. Again,itwas
believedthatthefringescouldnotbe properlyextrapolatedor cor-
rectedthroughthisdisturbedregion. On the interferogramswithleminar
boundarylayer,however,theboundarylayerisverythinandtheextra-
polation-isaccurate.PressuredistributionsandMachnumberdistri-
butions,therefore,havebeencalculatedonlyfromthe interferograms
forwhichtheboundarylayerwas laminar.Thepressuredistributions
areshownin figure5. Becauseinterferogrsmscannotbe usedto obtain
surfacepressureswherethe flowis separated,thepressuredistributions
wereterminatednearthebeginningof theseparatedflow,whichwas near
thethree-quarterchordstationforthe lowerMachnumbersandnearthe
midchordstationforthehigherMachnunbers.

In orderto checkon themagnitudeof therandomerrorsin the
resultsof figure~, figure6 hasbeenprepared.Thepressuredistri-
butionsshownin figure6 includenotonlysomeof thoseof figure5
but alsoothersfromadditionalinterferogramsthatweretakenduring
thecourseof the investigation.Thesepressuredistributionsshowthat
thepresentrequltsarereproducibleandthattherandomerrorsare
reasonablysmall,as thedatafromdifferentinterferogramsat thesame
approximateMachnumberagreefairlywell.

Machnumberdistributionson thesurfacewerecalculatedfrompres-
suredistributionsgiven.infigure5 andareshownin figure7.

Datafromfigures5, 6, andT wereusedforplottingbothfigures8
and 9. Figure8 showsthevariationwithfree-streamMachnumberof the
chordwiselocationof thepointon theairfoilsurfaceat whichthepres-
sureandtheMachnumberareequalto thefree-streampressureandMach
number.Thepointis seento be constantonlyforMachnumbersforwhich
the flowis entirelysubsonic,as haspreviouslybeenshowninrefer-
ence9 fora 10 percentbunp. (Insometheoreticalinvestigations,how-
ever,theasswnptionhasbeenmadethatthelocationof thepointon the
surfacewherefree-streamconditionsexistis constantalsoat super-
criticalspeeds.) Figure9 showsthevariationwithfree-streamMach
numberof thechordwiselocationof thepointon theairfoilsurfaceat
whichsonicspeedis reached.

ConditionsAlongtheShockWaves .

The interferograms@ figure4 of the flowaroundthepiano-convex
modelhavea singleshockwaveandofferan excellentopportunityto
determine,by a methodthatdoesnot disturbthe flow,thevariations
of density,pressure,Machnmber, andshock-waveanglealongtheshock
waves. The conditionsalongthe shockwaveswerefoundon fom inter-
ferogramsforwhichthemodelwas thesame,theboundarylayerwas
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.

turbulent,andthesupersonicMachnumbercontourswereasymmetrical
(figs.k(k),k(m),k(p),andk(r)). Thus,a smallrangeof free-stream
Machnumbersfrom0.8k0to 0.896wascovered.3ecausean airfoilof

*

onlyonethicknessratiowasusedin thetests,an attemptto correlate
conditionsat theshockwaveby meansofithetransonicsimilarityparsn-
eterswas●believedto be useless.Instead,theassumptionwasmadethat
flowparametersshofildbe plottedagainsttherati6of y to thevalue
of y at thetipof theshockwaveinorderto showwhetherthevari-
ationof conditionsat the.shockwavewas similarforvariousfree-stream
Machnumbers.Exmiinatfonof thecontoursindicatesthatneitherthetip
of theshockwavenortheconditionsin theregionaroundtheinter-
sectionof theshockwaveandthesoniclinecouldbe determinedexactly.
Accordingly,thevalueof y at the in~rsection”ofthecontourofMach
number1.05withtheshockwave,designatedyM_l~~,was chosenfor-0
reducingthevaluesof’“y.

.-
‘he‘alue‘f ‘M=l.05/cas a ~ction ‘f

free-streamMachnumberwasmeasuredand is shownin figure10.
d

Thedensityratio P2/Pl acrosstheshockwaveis shownby theopen

pointsof figure11. The fringeshiftsaheadof andbeh!Lndtheshock
wavewereusedto obtainvaluesok PI and P2,respectively.

F-
A plot--

forcomparingthefourcurvesis presentedin figure12. Thesolid
symbolsIn figure11wereobtainedby usingthefringeshiftsaheadof
theshockwaveto obtain PI and Ml fromwhichtheratio p p2/ 1 ‘as
calculatedas thoughtheshockwavewerenormalto theflow. Largedif-
ferencesbetweenthetwosetso&pointsindicatethattheshock-wave
angle e wasmuchlessthan90°. Thetwosetsof pointsare in good
agreementexceptnearthebaseof theshockwavewheretheshock-wave
angleis considerablylessthan”go”. Theactualvtiiationof e along
thepartof theshockwaveneartheafifoilwas obtainedfromthedataof
figure11. Measuredvaluesof’p p2/ 1 wereusedto obtainthecorre-
spondingvaluesof.Ml sin 6 fromshock-wavetables(forexample,see
ref.10)andtheknownvaluesof Ml werethenusedto find sin ~. The
resultingvaluesof e areshownb figure13. Thevalues of E are
notaccuratelyknownwhen ~ is greaterthanapproximately82°because
sin ~ variesonly1 percentwhen e variesbetweeri82°and90°. Inas-
muchas theexperimentalerrorin p Pt-J~ is aPProXtitely2 percent,the.
errorin ‘in 6 ‘e&mined ‘iom p2/~1 ‘saQprOx-tely.lpercent”‘0
determinee accuratelyoverthenearlynomnalpartof theshockwave .
is,therefore,impossibleandtheexperfientalpointsforthatpartare
notshownin figure13. I .

‘he‘alues‘f ‘2/pi shownby theopenpoints“infigure11were

used,togetherwithBhock-wav.etables,-btain valuesof thepresstie .*
ratioacrossthe shockwave p2/% shownin figure.14.
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●

Thevaluesof PI obtainedfrom

calculatethevaluesof Ml, theMach.
The variationof Ml with y/yM=l.05

9

the interferogramswereusedto

nmber aheadof theshockwave.
is shownin figure15. Thisfig-

ure indicatesthatperhapssomedegreeof correlationof thevariation
ofMachntiberaheadof thenormalpartof theshockwavescanbe
obtainedby thismethodof plotting.

Conditionsat theBasesof theShockWaves

The actualequilibriumconditionsthatare fulfilledat thebaseof
a shockwavewhichinteractswitha boundarylayerhavebeenthesub~ect
of considerablespeculation.In reference11 thehypothesiswasmade
thattheshockwavewouldoccurat a Machnmber closeto unity. In
reference12 a Machnunberof unityon the downstreamsideof theshock
wavewasproposed.In reference8 theobliquityof theshockwavewas
prOpOSedto be suchthatthedeflectionof theflowby theshockwave
was a maximmn.In reference6 thetentativeassumptionwasmadethat
thepressureon thedownstreamsideof theshockwaveis equalto free- ‘

< streampressure.

The conditionsat thebaseof theshockwaveson the fourinter-
ferogramsshownin figures~(k),k(m),k(p), andh(r)wereobtainedfrom
figures11,13,14,and 15 andareshownin colms 7, 9, 13,and4,
respectively,of tableI. Thesedatawerecheckedby a carefulexami-
nationof the interferogramsat thepointwheretheshockwaveintersected
theouteredgeof theboundarylayer. Otherdatagivenin tableI include
themeasuredvalueof G incolumn5, the flowdeviation5 in col-
u 10,themaximumpossibleb forthegivenvalueof Ml in column11,
thevalueof ~ in column12,thevalueof Ap/ql in column15,andthe

‘alue‘f P2P0 in column16. The informationgivenin tableI canbe

usedfordiscussingtheboundaryconditionat thebaseof theshockwave.
First,however,theconfigurationat the lowestfree-streamMachnmber
of 0.840seemsto differfrom thoseat thehigherMachnmnbers.The
obliquepartof theshockwave (fig.k(k))nearitsbaseeitherdoesnot
existor is toosmall”tobe seen. Attention,therefore,is restrictedto
thethreecasesof higherMachnumber.Noneof the ideasproposedin
references6, 8, 11,and 12 seemsto be substantiatedby thepresent
expertientaldata. Column4 showsthattheshockwavedoesnotoccurat
a Machnumberverycloseto unity. A comparisonof columns10 and 11
showsthattheflowdeviationisnotthemaxtiumpossible.column12
showsthattheMachnmber behindtheshockwaveisnot constantat unity.

. Column16 showsthatthepressurebehindtheshockwaveat itsbaseis
not free-streampressure.Column13 showsthattheconditionmay be a
nearlyconstantvalueof pressureratioacrosstheshockwave. column15-.

/
showsthatthevalueof Ap ql isnearlyconstant.
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.

Theshock-waveanglesappropriateto thevariousboundaryconditions
proposedinreferences6, 8, and I-2areshownin figure16 andcompared
withthepresent.e~erimentaldata..Thecurvesshowwhattheshock-wave .
anglewouldbe”,-“a functiofi.ofMachntiberahead6f theshockwave
(consideredas given),for”eachof these~eralpro~~sedboundarycondi-
tions. Theexperimentaldatado not fitanyof thepreviouslyproposed
boundaryconditions.Alsoshownin figure16 aretwoempiricalconditions
thatarebasedon the”presentempiricalresults,eithero“f%hichfitsthe
databetterthando thepreviouslyproposedconditions.Thepresentdata
coversucha smallrangeof variables(MachandRefioldsnumbersandair-
foilcontour)thata choice.cannotbe made-betweenthesetwoboundany
conditionson thebasisof the ltiitedamountof data. Thedataindi-
cate,howeverjthatwhentheboundarylayeris turbulen~--aconstant
valueof Ap/ql equalto.0.3maybe usedas theboundaryconditionat-”

thebaseof-theshockwave,at leastforthesmallrangeof variables
coveredby thepresentinves%i@tion.

.

CONCLUDINGRIMARKE

The flowarounda“12-percent-thickcircular-arcairfoilat-zero
incidencehasbeenobservedwithan interferometerthrougha rangeof
Machnumbersfrom0.609to 0.896withboth-laminarandtur~ulentboun-
darylayers.Machnunbercoritoursinthe flow”fieldandMachnuber and
pressuredistributionson thesurfaceof theairfoilhavebeenobtained.

Sonicspeedwas foundto be firstreachedat an indicatedMachnum-
ber of approximately0.74andthecontoursof..constantMachnumberin
thesupersonicregionchangedfrcmthesymmetricalto theasymmetrical
typeat an indicatedMachnumberof approximately0.78.

Conditionswereinvestigatedalongthelen&thof theshockwaves
thatinteractedwiththeturbulentboundarylayerOritheairfoil.Some
degreeof correlationofithevariationof Machnumberalongthefrontof
thenormalpartof theshockwavescould.beobtained.Also,the“boundary
conditionat-thebasesof theshockwavesthatinteractedwithturbulent
boundarylayerscouldlietaken”tobe-& q/ ;= 0.3 ‘Over thelimitedran@

of variablesthatwas”coveredby”theexper”fiehts,“whereAp iS thepres-
suredifferenceacrossthe shockwaveand is th”-dynamic“pressure“qi”... _
aheadof the shockwav-e.

—.

LangleyAeronauticalLaboratory, .-
NationalAdvisoryCommitteeforAeronautics,‘-

LangleyFieldjVs.,July 8, 1952. i
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